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ALTERATION OF CLAY MINERALS AND ZEOLITES 
IN HYDROTHERMAL BRINES 
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Abstract- Clay minerals and zeolites, candidate backfill minerals for nuclear waste repositories, were 
treated with saturated NaO brine and Mg-rich (Mg-Ca-Na-K) brine at 200-C and 30CC for 4 weeks 
under a confining pressure of 30 MFa. The Al concentrations released in NaO brine were lower than 
those in Mg-rich brine at both temperatures indicating that the Mg-rich brine is more acidic than the 
NaO brine under these hydrothermal conditions. The Si concentrations in both brines were low because 
of the relatively acidic conditions developed during the hydrothermal treatment As determined by X-ray 
powder diffraction or by specific Cs and Sr sorption measurements, no alteration could be detected in 
clav minerals treated with NaO brine at 200*7 Among the zeolites tested, only phillipsite and erionite 
altered to analcime in NaO brine at 200T. Zeolites and most of the day minerals tested did not alter 
in the Mg-rich brine treated at 200T. Vermiculite altered to randomly interstratified vemuculhe/lC- 
vermiculite (mica-like) by selective K uptake from the Mg-rich brine. 

At 300*0 the clay minerals did not greatly alter, whereas the zeolites altered to analcime and/or aJbite 
in the presence of the NaO brine. In the Mg-rich brine. Al-rich moatmorillonite from Wyoming did not 
alter whereas AJ-poor montmorillonite from Texas altered to randomly interstratified montmorillonitc/ 
illite at yXTC. Vermiculite collapsed to form K-vermiculite (- 10.2 A) by the selective uptake of K from 
the Mg-rich brine at 300"C. Most of the zeolites altered to smectites in the Mg-rich brine »t SOW because 
of the acid ic conditions generated by the hydrolysis of Ma. The selective Ca-sorption K$ d ecreased from 
II 700 for untreated philtipsiie to 240 and 15 for the hydrothermally produced analcime/albite mixtures 
from the phillipsite at 200- and 30(TC. respectively, in NaO brine. These results suggest that montrxio- 
rillonites and mordenites are relatively more resistant than vermiculite or other zeolites at elevated 
temperatures and pressures in concentrated hydrothermal brines expected in a salt repository. 
Key Words— Backfill. Bentonite. Cesium. Oinoptilolite, Hydroiherrnal. Mordenite. Salt repository'. Smec- 
tite, Strontium. Vermiculite, Zeolite. 



INTRODUCTION 

Clay minerals and zeolites axe candidate backfill 
minerals for nuclear waste repositories located in a 
variety of geological environments, such as salt, basalt, 
tuff, granite, and shale. The term backfill is applied to 
that material used to fill boreholes, mine shafts, and 
tunnels of a repository (see Gonzales, 1982, for details 
of a mined repository) when the repository is sealed. 
It has also been used to describe a possible component 
of the waste package in a multibanrier system of nuclear 
waste disposal. One concept of a waste package is given 
in Figure 1. 

To distinguish between the 'backfill* used to fill mine 
shafts, tunnels, and boreholes and the 'backfill* of the 
waste package, the term 'overpack* has been used for 
the latter (see Komarneni and Roy, 19*0). The ter- 
minology proposed by the VS. Department of Energy 
( 1 980) does not distinguish between these two types of 
backfill; their terminology is illustrated in Figure 1 . The 
overpack in Figure I is another canister made of an 
alloy such as TiCode 12 (ASTM grade 12 titanium. 
0.8% Ni and 0.3% Mo), whereas the backfill is a mix- 
ture such as bentonite + sand. The primary functions 
of various types of backfill are: (I) to minimize or 
exclude the migration of groundwater between the host 
Copyright © 1983. The day Minerals Society 



rock and repository rooms or the waste canister system. 
(2) to control the Eh. pH, and chemical composition 
of the groundwater within the repository environment, 
and (3) to retard the migration of 'leaked' waste ele- 
ments in the groundwater. The list of potential backfill 
materials includes expanding clays (bcntonitcs>, such 
as sodium or calcium montmorillonites. natural and 
synthetic zeolites, desiccants such as CaO and MgO, 
quartz sand mixed with bentonites, and powdered met- 
als. These backfill materials may be used singly or in 
combination, and the nature of the backfill may vary 
with the geological formation. . . 

In a salt repository, as in ail potential repositories, 
geochemical interactions of the rock, backfill, and water 
may take place during the thermal period (Cohen, 1 977). 
These interactions may take place under hydrothermal 
(hot. pressurized, arid closed-system conditions) con- 
ditions (McCarthy et aL t 1 978) during the thermal pe- 
riod. If backfill minerals which have been selected for 
their attractive sorpti ve and/or swelling properties alter 
by interaction with brine prior to leakage of radioactive 
ions, the very purpose of using them may be lost The 
objective of this paper is to investigate the alteration 
of backfill minerals in simulated salt-repository brines 
under hydrothermal conditions. Brine inclusions in 
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halite as well as waier in the backfill materials (clay 
minerals and zeolites) facilitate aqueous conditions in 
a salt repository. Closed-system experiments have been 
used in which the solid-liquid reactivity was investi- 
gated in gold capsules. Intrinsic variables such as Eh 
and pH varied with the bulk chemical composition 
and temperature conditions; however, no attempt was 
made to measure these two parameters. The redox po- 
tential. Eh is particularly difficult to control because 
gold is porous for H 2 generated (Komameni. 1981) in 
the autoclaves. These experiments of short duration 
provide trends in the alterations of backfill barriers 
prior to the leakage of waste ions from canisters. 

EXPERIMENTAL 

Materials 

Ten samples of clay minerals and zeolites (cation 
exchangers) were used in the present study. The source 
and/or location of all samples are given in Table 1. 
The montmorilloniies were pulverized and homoge- 
nized by the supplier. These two standard montmo- 



Table 1. Names, locations, sources, particle sizes of poten- 
tial backfill samples. 

Na-montmorillonite, Wyoming SWy-J. Source Gays Re- 
pository, The Gay Minerals Society. Pulverized. Not size 
separated. 

Ca-montmorillonite, Texas. STx- 1 . Source Gays Repository, 
The Gay Minerals Society. Pulverized. Not size separated. 
Vermieulite. Poole property. Enoree, South Carolina. Zon- 

olite Division, W. R. Grace and Company. 50-1 77 jim. 
Philljpsite. Pine Valley, Nevada. Reference zeolite 27154. 
Minerals Research, P.O. Box 591, Garkson, New York. 
<75 >im. 

Mordcnite. Union Pass, Arizona. Reference zeolite 27134. 
Minerals Research, P.O. Box 591, Garkson, New York. 
<75 $im. 

Mordenite, Lovelock, Nevada. Reference zeolite 27 1 44. Min- 
erals Research, P.O. Box 591, Garkson. New York. <75 

jim. 

Ginoptilolite, Castle Creek, Idaho. Reference zeolite 27034. 
Minerals Research, P.O. Box 591. Garkson, New York. 
<75 jim. 

Ginoptilolite, Hector, California. Reference zeolite 27024. 
Minerals Research, P.O. Box 591, Garkson, New York. 
<75 jim. 

Erionite, Shoshone, California. Reference zeolite 27 1 04. Min- 
erals Research, P.O. Box 591. Garkson, New York. <75 
jim. 

Chabazite, Christmas, Arizona. Reference zeolite 27124. 
Minerals Research, P.O. Box 591. Garkson, New York. 
<75 /im. 



WASTE PACKAGE 

Figure 1 . Waste package characteristics for commercial high 
level waste in a salt repository (draft interim reference re- 
pository conditions for commercial and defense high-level 
nuclear waste and spent fuel repositories in salt by The Ref- 
erence Repository Conditions Interface Working Group. 
NWTS-3. September 1981). According :o the current designs, 
backfill for salt waste packages is a backup option. 



rillonites were used without size separation. The ver- 
miculite sample was wet ground in a blender and sieved 
to obtain a 50-1 77-um size fraction. The zeolites were 
supplied at -200 mesh ( < 75 tan) powders. X-ray pow- 
der diffraction (XRD) analysis of dried suspensions of 
the untreated samples was carried out with a Philips 
diffractometer using Ni-filtered CuKa radiation. 

The Mg-rich brine and NaCl brine used here are 
similar to the brines for Waste Isolation Pilot Plant 
(WIPP) experiments, WIPP *A* and WIPP 'B' brines 
respectively (Nowak, 1980). 

Methods 

To simulate the interactions of brines with backfills 
in a salt repository, 100 mg of each backfill mineral 
was loaded into a gold capsule. 200 m! of a Mg-rich 
brine (designated as NBT-6a brine and composed of 
10% MgCI 2 , 10% CaCl 2 , 5% KCI. 5% NaCl and 70% 
H 2 0; Mg-rich on a normality basis) or saturated NaCl 
brine was added, and the capsule was sealed by cold- 
welding (Komameni et aL. 1 979). The sealed gold cap- 
sules were treated hydrot hernial iy in autoclaves at 200° 
and 300°C for4 or 1 2 weeks under a confining pressure 
of30MPa. 

After the hydrothermal treatment, the gold capsules 
were weighed to check the integrity of these closed- 
system type of experiments. The gold capsules devoid 
of any leaks were cut and opened with a scissors in a 
glass vial, 2; : ml of distilled water was added while 



washing the scissors, and then the gold capsules with 
samples were shaken to remove the sample from the 
gold capsule. The solid and solution phases were sep- 
arated by centrifugation, and the solutions were ana- 
lyzed for Si and Al by atomic emission spectroscopy 
(AES) using a computer-interfaced SpectraMetrics 
SpectraSpan III instrument. The solid samples were 
washed free of excess salt with water and 95% acetone, 
dried in an oven at 45°C and subjected to XRD anal- 
ysis to determine the mineralogicai alterations pro- 
duced by the hydrothermal treatments. 

The XRD detection limit is too high to detect minor 
phases produced in the cation exchangers. More sen- 
sitive ways to detect alteration are total cation exchange 
or a selective cation-sorption measurement. Measure- 
ments of the total cation-exchange capacity are some- 
what time consuming and not as relevant as selective 
cation-sorption measurements in the case of a salt re- 
pository because of the pressence of large concentra- 
tions of Na* and other ions. Therefore, selective cat- 
ion-sorption measurements were made in this study. 
Selective Cs- and Sr-sorption is defined here as the 
amount of Cs and Sr ion exchange from a 0.04 N 
NaNOj solution. Twenty-five milliliters of 0.04 N 
NaNO, solution containing 0.0002 N CsC! and 0.0002 
N SrClj was added to either the untreated or hydro- 
thermally altered samples, and the mixtures were equil- 
ibrated for 24 hr at 25*C. The solid and solution phases 
were separated by centrifugation. The amounts of Cs 
and Sr adsorbed were estimated by determining the Cs 
and Sr concentrations remaining in solution and re- 
ported as K« values. K« is a distribution coefficient and 
is defined as the ratio of the amount of Cs sorbed per 
gram of solid to the amount of Cs remaining per mil- 
liliter of the solution (see Tamura, 1972, for details of 
KJ. No replicates were used in the hydrothermal and 
ion-exchange studies. Cs in solution was determined 
by atomic absorption spectrophotometry (AAS) using 
a Perkin Elmer PE703 instrument with electrodeless 
discharge lamp. Strontium in solutions was determined 
by AES. 
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Figure 2. X-ray powder diffractograms of montmorillonite 
from Texas. (A) Ethylene gjycolated; (B) Hydrothermally 
treated at 300*C/30 MPa/4 weeks in NaCl brine showing 
albite (3. 1 8 A); (O Hydrothermally treated at 300*030 MPa/ 
4 weeks in Mg-rich brine showing randomly interstratined 
monunorillonite/illite; (D) Same as (O but after 12 weeks. 



RESULTS AND DISCUSSION 
Alterations of clay minerals and zeolites 
in saturated NaCl brine 

The mineralogicai alterations of clay minerals and 
zeolites under hydrothermal conditions of 200° and 
300°C and 30 MPa pressure in NaCl are presented in 
Table 2. At 200°C, no alteration of the two montmo- 
rillonites and vermiculite could be detected in hydro- 
thermal NaCl brine by XRD. Among the zeolites, phil- 
lipsite completely altered to analcime, whereas erionite 
altered to analcime only slightly in this brine at 200°C 
(Table 2). The high activity of Na* in this brine drives 
thephillipsite - analcime reaction to the right (Taylor 
and Surdam, 1981). No mineralogicai changes could 
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be detected in the mordenite* clinoptilolite, and chaba* 
zite samples when these zeolites were reacted with NaCl 
brine at 200°C and 30 MPa pressure. At 300°C the 
Texas montmorillonite altered slightly to albite (Figure 
2) but the Wymong montmorillonite did not. Vermic- 
ulite did not seem to change in this brine even after 
treatment at 300°C. Most of the zeolites transformed 
to analcime and/or albite (Table 2) at 300°C and 30 
MPa pressure. This type of alteration was reported by 
Surdam (1977). The two mordenites and the Idaho 
clinoptilolite did not alter, probably because these zeo- 
lites are siliceous and siliceous zeolites are generally 
resistant to alteration (Breck, 1 974). 

Specific sorption of Cs and Sr by minerals treated 
hydrothermally in KaCl brine 

Clay minerals and zeolites specifically exchange ions 
such as Cs and Sr, therefore, alteration of these ma- 
terials can also be detected by a change in their selective 
sorption properties. Specific sorption of Cs and Sr by 
the various hydrothermally treated minerals is given 
in Table 3. Selective Cs sorption decreased only for 
phillipsite among all of the minerals that were hydro- 
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Table 3. Specific sorption of Cs and Sr as affected by the hydrothermal alteration of bakcfills in saturated NaCl brine. 



C*-«orption K* 1 (mt/g) 



Sr-sorption K* 1 (ml/g) 



Sample 1 



2O0C/3OMFa 3«TC/30MP» 



untreated 2OCTC/30 MPa 30<rC/3O MPa 



Montmorillonite. Wyoming 
Montmorillonite, Texas 
Vermiculite, South Carolina 
Phillipsilt. Nevada 
Mordenite, Arizona 
Mordenite, Nevada 
Clinoptilolite, Idaho 
Clinoptilolite, California 
Erionite, California 
Chabazite, Arizona 



410 
310 
8900 
11,700 
8300 
6400 
3900 
5600 
9500 
6600 



400 
685 
10,100 
240 
9500 
6700 
4800 
5600 
11.700 
8900 



510 
740 
990 
15 
7900 
30 
5000 
4600 
40 
70 



170 
310 
2000 
460 
310 
170 
3000 
4700 
490 
310 



200 
370 
980 
25 
670 
370 
6100 
4700 
590 
400 



310 
370 
230 

JO 
400 

25 
3500 
590 

40 

50 



• K„ is a distribution coefficient and is defined as the ratio of the amouni of Cs sorted per gram to the amount of unsorbed 
Cs remaining per milliliter of the solution. 
2 Source, locations listed in Table I. 



thermally treated at 200°C because it altered to anal- 
cime fTable 2). a zeolite with -2.2-A windows that 
does not easily exchange (Balgord and Roy, 1971) its 
cations. The Cs-sorption decreased from 1 1,700 for 
untreated pbillipsite to 240 for phillipsite treated at 
200-C and 30 MPa pressure. With the rest of the min- 
erals, specific sorption either remained the same or 
increased slightly. The increase of specific sorption by 
these minerals can be attributed to a change in the 
nature of the exchangeable ions in these minerals by 
the hydrothermal treatment in NaCl brine, Le., the 
natural canons, such asK,Ca, and Mg in these minerals 
(for example, the Idaho clinoptilolite contained 4.23% 
Na 2 0, 1.54% K 2 <X and 0.60% CaO. whereas the Ne- 
vada phillipsite contained 5.12% Na,O f 5.62% K 2 0, 
andO. 10%CaO), were displaced by Na which competes 
less with Cs than either K or Ca or Mg (Ames, I960, 
1961. 1963; Tamura and Jacobs, 1961). The increased 
Cs sorption is a result of Na saturation of exchange 
sites and would be expected even at room temperature. 

Specific Cs-sorption increased in both montmoril- 
lonites which were hydrothermally treated in NaCl brine 



at 300°C presumably for the same reason as given above. 
The specific sorption Ka of Cs decreased from 8900 in 
the untreated vermiculite to 990 in the vermiculite 
which altered hydrothermally at 300°C probably be- 
cause of partial chloritization by the hydrolysis of nat- 
ural Mg 3 * in the interlayers. XRD. however, did not 
reveal any mineralogical alteration, whereas specific 
Cs-sorption measurement indicated alteration of this 
mineral by hydrothermal treatment at 300°C Specific 
Cs-sorption decreased (Table 3) with most of the zeo- 
lites which were hydrothermally treated at 300°C in 
NaCl brine because of transformation to analcime and/ 
or albite. Specific Sr-sorption (Table 3) by the hydro- 
thermally treated minerals closely paralleled that of the 
Cs sorption and can be explained similarly. 

Alterations of clay minerals and 
zeolites in Mg-rich brine 

The alterations of clay minerals and zeolites in Mg- 
rich brine under hydrothermal conditions are given in 
Table 2. The montmorillonites do not seem to alter in 
this brine at 200°C as detected by XRD. The vermic- 



Table 4. Concentrations of Si and Al in the capsule fluids a fter hydrothermal treatments. 

! r Mf-ricH brine 



Saturated NaCl brine 



2<xrc 



20CTC 



Si 
Gift/ml) 



Al 



Si 



Al 



Si 
(pa/ml) 



Al 
On/ml) 



300-C 



St 



Al 
Ota/ml) 



Monimorilloniie. Wyoming 
Montmorillonite. Texas 
Vermiculite. South Carolina 
Phillipsite. Nevada 
Mordenite, Arizona 
Mordenite, Nevada 
Clinoptilolite* Idaho 
Clinoptilolite, California 
Erionite. California 
Chabazite, Arizona 



150 
45 
<1.3 
40 
35 
70 
15 
50 
70 
25 



35 
25 

<0.13 
<0.13 
90 
40 
1 

15 
45 
30 



15 

<1.3 
30 
6 
10 
30 
15 

<!.3 

60 

<1.3 



40 
35 

<0.13 

<0.13 
120 

80 

15 

40 

95 
120 



60 
50 
25 
80 
65 
35 
65 
60 
65 
80 



370 
360 
180 
360 
380 
370 
350 
360 
380 
380 



60 
80 
20 
60 
40 
50 
35 
50 
60 
60 



290 
280 
<0.13 
300 
290 
280 
270 
285 
310 
320 



Source. locations listed in Table 1. 
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Figure 3. X-ray powder diffractograms of hydrothermal 
products of zeolites in Mg-rich brine. (A) 12- A clay mineral 
formed from phiJIipsite, Pine Valley, Nevada: (B) Same as 
(A) but expanded to 17 A upon exposure to ethylene glycol 
which indicated that it is smectite: (Q 12-A clay mineral 
formed from chabazite. Christmas, Arizona; (D) Same as (Q 
but expanded to 1 7 A upon exposure to ethylene glycol which 
indicated that it is smectite. 



ulite which has a high layer charge (Komarneni and 
Roy, 1978) selectively adsorbed K from the Mg-rich 
brine (which contained substantial KG) and trans- 
formed to randomly interstratified vermiculite/K-ver- 
miculite (mica-like) with an average basal spacing of 
12.6 A. The transformation of vermiculite to K-ver- 
miculite would decrease the cation-exchange capacity 
and selective ion sorption because interlayer K from 
K-vermiculite is not easily exchangeable. No alteration 
could be detected by XRD in any of the zeolites which 
were treated hydrothermally in this brine at 200°C 

Mommorillonite from Texas seemed to alter slightly 
in the Mg-rich brine at 300°C to cristobalite and ran- 
domly interstratified montmorillonite/illite (60:40) 
(Figure 2; Table 2). On the other hand, montmorillon- 
ite from Wyoming did not seem to alter by hydro- 
thermal treatment at 300*0 for 4 weeks (Table 2) or 
even after 1 2 weeks. The difference in reactivity be- 



1 1 1 — | tween the two montmorillonites is not clear but may 

be attributed to a difference in their Al contents. Mont- 
morillonite from Wyoming is more aluminous than 
the mommorillonite from Texas (van Olphen and Fri- 
piat, 1979) and therefore the former is probably more 
stable than the latter under acidic conditions. The 
high-charge vermiculite collapsed to -10.2 A to form 
K- vermiculite by selective uptake of K* ions from the 
Mg-rich brine. Zeolites, except for mordenites, altered 
to smectite (Table 2; Figure 3) in the Mg-rich brine at 
300°C and 30 MPa pressure. This alteration is likely 
as a result of acidic conditions generated by the hy- 
drolysis of Mg to form brucite (Komarneni, 1981). 
H*-saturation of the zeolite was probably followed by 
decomposition of the zeolitic framework and recrystal- 
lization to smectite. Experiments are presently under- 
way to test this hypothesis of smectite formation. Acid- 
ic pH develops in highly saline solutions at elevated 
temperatures because of changes in hydrolysis con- 
stants and the association of ion-pair complexes, and 
the pH may decrease to about 3 in Mg-rich brine at 
300°C (Claiborne et al.. 1980; Braithwaite and Mo- 
ieckc, 1980). Indirect evidence of the development of 
acidic conditions in the Mg-rich brine is provided by 
the release of substantial concentrations of Al into so- 
lution (Table 4) when these minerals were treated in 
the brines. More Al was released in the Mg-rich brine 
than in the NaCl brine under the same hydrothermal 
conditions because the Mg-rich brine is much more 
acidic than the NaCl brine (Braithwaite and Molecke, 
1980). On the other hand, when these backfill candi- 
dates were treated under hydrothermal conditions the 
concentrations of Si in solution were very low in the 
acidic hydrothermal brines (Table 4) because silica is 
less soluble in acidic concentrations. 

Specific sorption of Cs and Sr by minerals treated 
hydrothermally in Mg-rich brine 

The specific sorption of Cs by all of the minerals 
treated hydrothermally decreased (Table 5) because of 
mineralogical alterations (Table 2) and/or change in 
the charge-balancing cations in these minerals. For 
example. K* was selectively sorbed from the Mg- 
rich brine by the vermiculite. which collapsed to form 
K-vermiculite (randomly interstratified with vermic- 
ulite at this temperature). The formation of K-ver- 
miculite led to a decrease in the specific Cs-sorption 
because interlayer ions in K- vermiculite are not easily 
exchangeable. Zeolites are also selective for K* (Ames, 
1961) and therefore, they may have been saturated with 
K- during the hydrothermal treatment with the Mg- 
rich brine at 200°C. The K* ions in the hydrothermally 
treated zeolites compete much better with Cs* than the 
natural caiions (mainly Na\ Ca 2 *, and K 4 ) present in 
the untreated zeolites (Ames, I960, 1961, 1963) and 
therefore, the selective Cs-sorption decreased at this 
temperature. 
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Table 5. Specific sorption of Cs and 2>r as affected by the h ydrotherrnaJ treatment of backfill in Mg-rich brine. 

______ Sr-wfption (ml/gj 



Sample' 



untreated 



Cs-sorptlon K«* (ml/g) 

20CC/30MP* 3OTC/30MP1 



untreated 



20O-C/3O MPa 3WC/J0 MPa 



Montmorillonite, Wyoming 
Montmorillonite, Texas 
Vermiculite, South Carolina 
Phillipsite, Nevada 
Mordenite, Arizona 
Mordenite, Nevada 
CJinoptilolile, Idaho 
Ctinoptilolitc. California 
Erionite. California 
Chabazite. Arizona 



410 
310 
8900 
11,700 
8300 
6400 
3900 
5600 
9500 
6600 



350 
7800 
4200 
5100 
4400 
2100 
3600 
5200 
3100 



180 
160 
400 
220 
6300 
2600 
1700 
2900 
520 
200 



170 
310 
2000 
460 
310 
170 
3000 
4700 
490 
310 



270 
440 
120 
170 
160 
1400 
1400 
270 
310 



250 
170 
130 
330 
160 
130 
270 
200 
220 
250 



1 K, is a distribution coefficient and is defined as the ratio of the amount of Cs sorbcd per gram of solid to the amount of 
Cs remaining per milliliter of the solution. 

2 Source, locations listed in Table I. 



At 300°C, selective sorption of Cs* by all of the min- 
erals hydrothermally treated in the Mg-rich brine de- 
creased (Table 5) because of the mineralogical alter- 
ations (Table 2). For example, K-saturation and collapse 
to form K-vermiculite drastically reduced the Cs sorp- 
tion of the vermiculite sample. The Cs-sorption K* 
decreased from 8900 in the untreated to 400 in the 
altered vermiculite. Zeolites such as phillipsite, erio- 
nite, and chabazite, altered almost completely to smec- 
tite in this Mg-rich brine and thus the overall Cs sorp- 
tion did not decrease as much as it did when these 
zeolites altered in NaCl brine to form albite. Albite has 
little cation-exchange capacity, whereas montmoril- 
lonite has a substantial cation-exchange capacity and 
can selectively adsorb Cs (Tamura and Jacobs, 1961; 
Tamura, 1972). Phillipsite is interesting because at 
300°C the smectite alteration product has about the 
same specific Cs-sorption capability as the untreated 
montmorillonites (Table 5). The specific sorption of Sr 
by the untreated and hydrothermaUy altered minerals 
seem to parallel the specific sorption of Cs at both the 
temperatures of hydrothermal treatment. 

CONCLUSIONS 
These data clearly illustrate relative stabilities, and 
the consequent changes in sorption capabilities of dif- 
ferent candidate backfill materials under simulated re- 
pository conditions. Clay minerals and zeolites altered 
to various extents in either saturated NaCl bnne or 
Mg-rich brine under hydrothermal conditions which 
may be expected in a salt repository for nuclear waste. 
Vermiculites altered to interstratified verrniculite/K- 
vermiculite or K-vermiculite (collapsed vermiculite) 
in brines containing K\ Most of the zeolites altered to 
analcime and/or albite in the saturated NaCl bnne but 
altered to smectite in the Mg-rich brine. Montmoril- 
lonites and mordenites seem to be somewhat more 
resistant to alteration than the other candidate backfill 
materials and therefore, may serve as a good backfill 
in the waste package in a salt repository. Based on their 



ion-sorption properties, zeolites would in general per- 
form better at lower temperatures at some distance 
from the heat source; i.e., as a backfill for boreholes, 
mine shafts and tunnels, and both clay minerals and 
zeolites are likely to have applications in some portions 
of the repository tunnels and seal system. 
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PeaioMe — TjiHHHCTbie MHfiepanu h ueojurru, MttnepajibJ, KOTopwe Moryr HcnojibaosaTbc* ajia 
3acbjmai xpaHHJiHiua AAepHbix otxoaob. 6buw oopaBoTaHu HacumeHHWM cojuuium pacTBopou Nad 
h pacTsopoM, ooorameHHbiM Mg (Mg-Ca-Na-K), npM TCMnepafrypax 200°C h 300 p C b Teiemie 4 
Henem b ycjioBiux noAAepaaiBaeMoro AaBJiemui 30 Mlla. Koimetrrpamiu A/, ocBoooaytenHoro Ha 
pacTBopa NaO, <5mjih MCHbiue. new KOHUjCHTpamiM AJ, nojiynenHbie hi paciBopoB, o6oramcHHWX 
Mg. npn ooohx rewnepaTypax. 3to yicaabiaaeT Ha to, hto pactsopbi, ooorameHHwe Mg, 
abjihiotcji oojiee KBCnoTHbUfH, hcm pacTBopw NaCl b BKimeonHcaHHUx nfAporepMaJUHfcix ycjioBHHX. 
KoNneNTpauMH Si b o6ohx pacTBopax 6bWH HH3Kne, norowy hto OTHOcirreJibHp KMcaoTHwe ycjioBaa 
co saaaan MCb bo BpeMs rHApoTeTCMajibHott oopaooTXH. JlpM noMoum peirrreHOBCicoft ndpouiKO&ofl 
AM^paKUHH hjih MaMepeimfl yacjibnofl cop6itRH Ca h Sr hcbosho^kho 6ujio ooHapyxarrb mucaxax 
M3MCHeHHfl rjiHHHCTbix MMHepajioB, o6pa6oxaHHbix pacTBopoM NaCl b 200°C. Cpejw HCCJieAoaaHHbix 
ueomrroB TOJibKo 4>HJU»mcHT H apHOHMT M3MeHJUutcb B anaJibiuiM b pacTBope NaCl npu 200°C. 

UeOJlHTbl H OOJIblllHHCTBO HCCJieAOBaHHbJX rJlHHUCTblX MHHCpaJIOB Re B3HeHBJIMCb nOCJIC OOpaOOTKH 

pacTBopoM. oGorauieHHbiM Mg, npH 200 P C. BepMrncyjorr r3Mchjuich b 6ecnopBAOSHO nepecjiaHaaiomHiicH 
aepMHicyjinr/K-BepMiucyjiKT (cjnono-noAodHbiH) nyTCM cejieKTHBHoro norjioiueHHB K H3 pacTBopa, 
oooraiueHHoro Mg. 

B TeMnepaType 300°C rjiHMHCTbie MiuiepaJibi ocoochno He H3MeH5uuicb, a EjeojufTbi H3MeiuuiHCb 
b aiiajibivui h/hjih am&trr a npHcyTCTBHH pacTBopa NaQ. B npBcyrcrBHH pacrBopa, ooorameHHoro 
Mg, npH 300°C. mohTmophjuiohht H3 JIaeMHHra. oobraiueHHbift Al. He h3mch>uicjj TorAa. Kax moht- 
MOpHJiJiOHBT , oeAHbifl Mg (hx TeKcaca), bhaohsmchhjich b 6ecnop«flOHHp nepecnaHBaiouuiHca MOHT- 
MopMJiJiOHHT/HiuiHT. BepMeicy/iHT oceAaJi h o6pa3oaaji K-aepMHicyjiHT (—10,2 A) nyreM cejieKTHBHoro 
norjiomeHBB K K3 pacraopa, oooraiueHHoro Mg. npn 300°C. Bojiuijhhctbo ueojiHTOB H3Meiuuiocb b 
cmckthtu • a pacTBope, ooorameHHbiM Mg. npw 300°C a pe3yjibTaTe khcjiothwx ycjiobhr. coaflaHHbix 
rnflp0JiH3OM Mg. Cejiex-nsBHaji Cs-copouwi K d yMeHUUiiuiacb or J 1 700 am HeoopaooTaHHoro 4>HJunin- 
cht3 ao 240 h 15 fljta cMecH aHajnuiM/aJib6HT. nupoTepMajibHO o6pa30BanHbix n:s 3Toro 4>HJiJwncHTa a 
pacTBope NaCl npu 200°C h 300°C coorBeTCTBeHHO. 3th pesyjibTaTbi yKa3binaioT Ha to. hto moh- 

TMOpHJUIOHMTbl H MOpfleHHTbl HBJlHIOTCil OTHOCHTCJIbHO 6oJiee C0npOTHBJlHlOU|HMHCH, HeM BepMHKyJIHTbl 

h Apyrne ueojtHTW b yc/ioBHHX noBbiuieHHbix TeMnepaTyp h AaaneHHA b KOHueHTpHpoaaHHbix 
raopoTcpMajibHbix cojienbix pacTBopax, oxcHAaeMbix b xpaHHiiHiuax. [E.G.) 
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d w. Tonminerale und Zeolithe. die beide filr die Lagerung radioaktiver Abfalle verwendet werden. 
1"%%%, ZSEi Nactunw sowie Mg-reichen (Mg-Ca-Na-K) Salzlosungen be. 200» und 30TC 
"" rdenm, '^fJ^ einem Maximaldnick von 30 MPa behandelt. Die in die NaCl- 

Lfisung bet 200°C ketne umwanamn g » _. Zeolithe und die meisten untersuchten 

und Erionit in der Naa-Wtung UmSung. Vcnniculit wandelte sich 

T£^^^^^^^^^ <g.i«»erahnlieh> urn. indem er K ae- 
5Ck £ ^ «* wah«nd sich die Zeo«ithe in der NjOUm. 

eineunrege maflige ^^^^^^^^a^-rmchen Losung aufnahm. Die meisten 
zu K-Vermiculit (etwa 10.2 A), indem er seleWiv K ^us «ri wg * durch die Hydrolyse 

Zeolithe wandelten sich m der Mg-^hen^^^3W^^eM «eum. von , , ^ ft, den 

^ tu "Xn^^^Rd^thenS SStcn SaieXlbit^Khungen auT240 bzw 1 5 ab. 
unbchandeltenPhi^.tbnden^otnerma^^ ^ NaO-Losung gebildet wuid«t. Diese 

ttaume-Des 

diehets n^tairM.onte^ "J"*!**" ™ une pression confinante de 30 MPa. Lea 

(Mg-Ca-Na-K) a 200-C « *>£^g^ JeS£a £ i^Tplus bSque celles dans la saumum riche 
concentrauoM d^r^ch^d^la^umu^ u ^ ^ ^ ^ ^ NaO 

en Mg aux deux concentrations de Si dans les deux saumures etatent basses a 

sous ces conditions f 1 ^^^.^^^^ pendant ]e traitement hydrothermique. On a de- 
cause des conditions relativcment aaaa ° CV "°P^ «\icifioucs de sorption de Cs et de Sr qu'aucune 
termine par diffraction .des P^^^^^^^ec ,a saumure Nad a 200°C. 
alteration ne pouvait etre detectee dans les «, n i altenies en analcine dans la saumure 

Parmi les zeolites examines. * P* 1 "^^^ pas alter* dans la 

Na ° * a 200^ vfrmTcS^alSe en vermiciuite^ermiculite-K (comme 

r^T^U^r^fd par PH- n f^^ up ^^ Elites se sont alUrees 
A 300°C. les mineraux argtleux ne se sont ^^^^^ riche en Mg. la montmo- 
en analcine e«/ou en ^Z™*^"™/'^ ™^^^ 2 montmorilloniie pauvre en A. du 
rillonite riche en Al du Wyoming ne « P" 5 *"*^ ' ^hasarta30(«:.Lavermiculites'esteffondree 
Texas s'estalterteen montmonl ^^"i^^^^^^K de la saumure riche en Mg a 300«C. 
pour former uncveTrn.culuc-K (- £U ^murTriche en Mg a 300^ a cause des 
La plupart ^^^^\SSS^ dTS U Xtion se.ective de Ca. a diminu* de 11700 
condiuons aodes Inalrine/albite produit hydrothermiquementa partir de 

rksrsssssSK attendues — 

un depot salin. [D.J.] 
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